Charged Higgs boson contribution to z/g — e scattering from low to ultrahigh energy in 
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We study the Ve — e scattering from low to ultrahigh energy in the framework of Higgs Triplet 
Model (HTM) . We add the contribution of charged Higgs boson exchange to the total cross section 
of the scattering. We obtain the upper bound hee/Mjf± < 2.8 x lO'^GeV'"^ in this process from 
low energy experiment. We show that by using the upper bound obtained, the charged Higgs 
contribution can give enhancements to the total cross section with respect to the SM prediction up 
to 5.16 % at £ < 10^" eV and maximum at s '^^'^ would help to determine the feasibility 

experiments to discriminate between SM and HTM at current available facilities. 

PACS numbers: 13.15.+g, 14.80. Fd 



I. INTRODUCTION 

In the standard model (SM), charged leptons, quarks 
and gauge bosons obtained their masses through Higgs 
mechanism 1] after spontaneous symmetry breaking [2J 
while neutrinos remain massless. However, studies on 
solar neutrino problem Q and neutrino oscillation Q 
have led physicists to suspect that the neutrino is mas- 
sive. The discovery of massive neutrino have motivated 
the study of neutrino to the physics beyond SM. In 
particular, one of the simplest extensions is the Higgs 
triplet model (HTM) [B^. This model provides us an 
alternative way to introduce and explain the smallness 
of the neutrinos masses through type-II seesaw mech- 
anism and enables one to study the lepton violation 
processes ,6']. The introduction of singly and doubly 
charged Higgs bosons in this model have opened many 
phenomenological studies in hunting for them at high 
energy frontier accelerators particularly at the CERN 
LHC and Tevatron @, Q. The direct search for H^^ 
had been carried out at Tevatron by assuming the pro- 
cess pp H^^H and the mass limit 
Mh±± > 118 GeV were derived [|. 

Neutrino-electron elastic scattering is a pure leptonic 
process that provide precise test to the Standard model 
(SM) of electroweak theory. This reaction proceeds 
through charge current (CC), neutral current (NC) and 
their interference. The neutrino-electron elastic scatter- 
ing has been widely studied^iiiexperiment by using Veive) 
beam up to several MeV [9, JJJ] and consistent with the 
SM prediction. On the other hand, the study of these 
processes to higher energy (10^^ eV < E < 10^° eV) 
have been extensively discussed by Glashow, Mikaelian 
and Zheleznykh [ll|, [l^l in the framework of SM. At this 
range of energy the resonance production of W~ boson 
or Glashow resonance [ll| is expected via Fe — e annihila- 
tion. However, the experiment evidences for Glashow res- 
onance are not yet confirmed at present and the physics 
may be tested by using large scale neutrino detectors in 
the next few years. 

Neutrino telescope such as IceCube [l3| is used to de- 



tect the ultrahigh ener gy (UHE) cosmic neutrinos from 
extraterrestrial sources jl4| . The flux of ultrahigh energy 
Ve may get enhanced through the neutrino oscillation of 
V^. The study of ultrahigh energy particles interaction 
would be crucial to probe the feasibility of physics beyond 
the standard model. 

In this paper, we study the Ve — e scattering by adding 
the contribution of charged Higgs boson exchange. Our 
interest is to study how much the charged Higgs bo- 
son exchange contributes to the total cross section from 
low to ultrahigh energy in HTM. In HTM, the coupling 
of charged leptons to neutrinos are proportional to hui . 
Therefore, for small ua and large hui while keeping the 
neutrino mass below the experimental upper bound the 
contribution of charged Higgs boson exchange can be 
significant. On the contrary, the couplings of charged 
Higgs bosons to charged leptons and neutrinos are pro- 
portional to m/ X tan/3 in two Higgs doublet model 
of type II (2HDM(II)) [Ts^. The lower mass limits of 
charged Higgs boson in this model are M^± > 79.3 GeV 
and Mh± ^ 1.71 tan/3 GeV which imply that tan/3 > 46 
where it is out of our interest at low energy regime 

The outline of the paper is as follows: We present the 
the HTM briefiy in Sec. II. The total cross section of 
Vg—e scattering with the contribution from charged Higgs 
boson exchange is presented in Sec. HI. In Sec. IV, the 
upper bound hee/Mfj± is estimated. Result and discus- 
sion are discussed in Sec. V. Conclusions are given in 
Sec. VI. 



II. HIGGS TRIPLET MODEL 

In Higgs triplet model, a 1=1, Y=2 complex SU{2)l 
scalar triplet is included to the SM Lagrangian to explain 
the smallness of neutrino mass jSj without requiring ex- 
tra right-handed neutrinos. The SU{2)l x U{1)y gauge 
invariance Yukawa Lagrangian for the interaction of lep- 
tons with scalar triplet is written as [1, [l^ 



H.c 



(1) 
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where hii>{l, I' = e,fj,^T) is the couphng constant matrix, 
C is the charged conjugation matrix, CT2 is a Pauh matrix, 
i'lL — is left-handed lepton doublet and A is 2x2 



representation of the Y ~ 2 complex triplet field. 



A = 



A+/x/2 
AO 



A++ 
-A+/V2 



(2) 



M^Tr At A 



The Higgs triplet potential is 
F(0,A) = -m|,^t 

+ {fi(fFia2A'^(t) + H.c.) 
+\i{(t)''(t))TrA^A + A2(rrAtA)2 
+A3Tr(AtA)2 + A40t AAt,/) (3) 

where (j) = [cfP , (j)'^)'^ is the SM Higgs doublet. The neu- 
trinos acquire their mass after A" gets the vacuum ex- 
pectation value (vev), ua 



= 2/i,z(A0) = V2/1. 



(4) 



On the other hand, the neutral components of Higgs dou- 
blet and triplet are expressed as 



A0 = 



WA + ^" + irfix) 

71 



(5) 



The ground state of a system where it is at the most sta- 
ble state can be obtained by minimization the potential 

dV 



= 



dV 

dA <^=(0),A=(A) 



(6) 



we obtain 



+ X^-V2^lVA + iXl + X^)^=0 (7) 



and 



MivA - ^ + - (Ai + \i)v^vi, + (A2 + \3)va = 

(8) 

By considering the lowest order processes, the A^ param- 
eters are set to zero. Thus we have 



VA 



V2M2 



Mi 



(9) 



From the Higgs potential one finds the masses of two CP- 
even, one CP-odd and two singly charged Higgs bosons 
which are mixed of weak isospin doublet and triplet. 
Meanwhile, the doubly charged Higgs bosons are com- 
posed of triplet alone. The mass-squared matrix for CP- 
even states are 



/i" 5°) 



-\/2^uo 
Mi 




(10) 



Upon diagonalization, the two physical CP-even states 
are 

Hi =008 00 h° + smeo S° 
H2 = - sin 6*0 + cos 6*0 S° (11) 
with the masses 
Au^ 

Mil, 2V2fiVA, M|r, « Mi + 2V2fiVA (12) 



and mixing angle 
tan 26*0 



UlivA 



vo[Ml^+Ml^-2Mi) 
The mass-squared matrix for CP-odd states are 

2^^ )[ -V2f,vo Mi ) [ V° 
^ - ( GO ) ^^2 ^ 2V2fiVA 



(13) 



GO 
A" 



with 



and 



GO = cos a ^0 gin a if 
^0 = _ sin + cos a rf 



(14) 



(15) 



cos a 



M\o = Mi 2V2/xi;a, M^o = (16) 

Do . 2VA 



sma = 



(17) 



Meanwhile, the mass-squared matrix of the singly 
charged Higgs bosons are 



( 



<j)+ (5^ 



V -^ivo Mi 



(G+ i^+)( ' ,,2 ' 



with 



and 



M'i + V^UVA 



G=^ = cos6i± (j)"^ +sin0± 

= - sin e± <j)^ + cos e± 



G+ 
H+ 



(18) 



(19) 



Ml± = Mi + %/2AiUA, Mg± = (20) 

Wo ■ V2VA 



sin 64 



^Jvl -f 2vi ' """"" ^Jvf, + 2v 
The doubly charged Higgs bosons are 



= A±±, Af^±± = Mi 



(21) 



(22) 



The Goldstone bosons GO and G^ are being absorbed by 
ZO and to acquire mass. The upper bound of va/uq 
is set by p = 1.0008l^{!J^J^ [H be va/vq < 0.02. This 
imply that the mixing between Higgs doublet and triplet 
is negligible and therefore 



Mh± « Mh^ sa Ma« ~ Mh±± = Ma 



(23) 
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III. TOTAL CROSS SECTION 



respectively where g"^ = Sm^Gp/V^- The couphng of 
leptons to bosons from Eq. 



IS 



The Fe — e scattering in the frame of HTM proceeds 
through the exchange of W^, and bosons. The 
charged current and neutral current Lagrangian are [13] 



Ccc = 



^ 67^(1 



C 



NC 



l^)veW~ + H.c (24) 



4cos( 

67^(1- 



-isin^ew -l5)e]Zl + H.c (25) 



C = -hwV2{lfCPLiyi' + vfCPLk') COS0+H+ + H.c 

(26) 

The mixing angle cos 0+ is approximated to unity due to 
the suppression of va/vq ^ 0.02 form the p parameter 
[see Eq. (HU]. Therefore, the contribution from H2 ex- 
change with the Yukawa coup ling —imf/vo sin^o is zero. 
Following the convention in [12| . t is the square of the 
momentum transferred between incoming and outgo- 
ing singly charged particle (i.e. e~ , fj,~ , A~). Thus, the 
Z boson exchange would be denoted as u channel (Fig. 
[Tfb)). The scattering angle 9 refers to the angle between 
incoming Ve and outgoing singly charged particle in the 
centre-of-mass frame. The s channels come from W~ 
(Fig. [IJa)) and H~ bosons exchange (Fig. [IJc)). The 
differential scattering cross section is found to be 



da_Gl 

dt 7rs2 1 (s - m'^y + m'^T'^ 



•-W 



4:{s + t + m|)2 



[(2 sin^ Ow - ift^ + (2 sin^ 0wfs^] 



m^TO|(2sin^ 6w — 1)^2 
(s-m^)(M-m|) 

(27) 



where t — —(1 — cos 0)5/2 and s = 2meE. The differential cross section is integrated over all angle from cos 6* = —1 
to cos6' = 1 correspond to < = — s to i = 0. The total cross section is 



3(s-m2,)2-fm2^r2^ 2AGl{s-Ml^Y+Ml^V]j^ 



1 f m| 



[(2 sin^ Ow 



2 1 



mwm 



W"''Z 



s{s - m^) 



(2 sin^ e 



w 



In 1 



In 1 



(2sin^ Owf 



(28) 



where Tw and V}j± are the total decay width of W~ 
and H~ boson respectively. The result in Eq. (l28t agree 
with [1^ except for the second term which comes form 
H~ exchange. 




(a) 



(b) 




(c) 



FIG. 1: Feynman diagrams for UeC scattering 
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IV. THE UPPER BOUND OF hee/M„± 

The upper bound of hee/M}j± can be estimated 
through low energy V^e scattering experiment. The 
total cross section of Eq. p8| at low energy can 
be written in power series. The terms propor- 
tional to s/mwTs/Mfj±,s/mz are neglected due s « 
Myy, M^±, Mf . The total cross section reduces to 



1 
3 

(2 sin^ 0w 



(2 sin^ 



-1) 



(2sin2 



12 



1) 



24G|M4^ 



(29) 



which is the famous neutrino electron elastic scattering at 
low energy except for the last term which comes from 
exchange. The experimental result from the TEXONO 
collaboration [10] gives 



' exp 



1.08 ±0.21 ±0.16 



By setting aexp = crtot, one get 

hee/MH± < 2.8 X IQ-^GeV-^ 



(30) 



(31) 



which is close to the limit estimated in [21| by using the 
VeS scattering process. The diagonal and non-diagonal 
upper bound on the coupling constant matrices other 
than hee are |22|, j23| 

hef,Ke < 3.2 X 10-"Mi 
< 2.5 X lO-^Mi 

/lee V ^ 5.8 X lO^^Mi 

W ^ 2 X 10-i°Mi 

(32) 

However, the limit on the couplings of third generation 
leptons at present are poorly known. 



V. RESULT 

In this section, we present the numerical results of the 
cross section for Ve scattering process in the range < 
E < 500 GeV, 0.5 TeV <E< 1000 TeV and lO^^ eV < 
E < 10^" eV. We take these range of energies so that the 
neutrinos from various possible sources are considered. 
We set mw = 80.399 GeV, mz = 91.1876 GeV, Gp = 
1.166 X 10-5 GeV-2, Tw = 2.085 GeV and sin^ 6*^ = 
0.23116 [l^. The lower bound of the charged Higgs boson 
mass Ma ^110 GeV from the direct search at Tevatron 
is used @. The singly charged Higgs boson, H~ decays 
into final state fermions and final state bosons. The total 



tb) 



T{H- -> W^Zl) 



decay width of H is written as [6| 

1,1' q 

+T{H- Wj^Zt) 
+T{H- -^W^Hi) 

where the subscript T and L stand for the transverse and 
longitudinal polarization of gauge bosons, respectively. 
Base on the discussion in Ref. |6j, leptonic decays of 
are more favorable for small value of vev. For large 
value of vev ^ 1 GeV, H~ decays into bosons and 
quarks which is not very relevant for the process under 
consideration. Thus, with the choice of wa = 1 eV, 
decays predominantly into leptons and the leptonic decay 
width is 



TiH- ^ l-ui) 



IGtt 



(33) 



The value of 1 eV is the lower bound to the vev based on 
the naturalness consideration. In this work, we assume 
hee = = hrr and thus the total decay width is r^± = 
3 X r{H~ — >■ l~vi). We only consider for lepton-number 
conserving process. 

We present the ratio of a^^ /<^sai in Fig. ([2]) for hee = 
0.30, Mh± = 120 GeV and Th± = 0.63 GeV; = 
0.50, Mh± = 200 GeV and Th± = 2.97 GeV; = 
0.75, Mh± = 300 GeV and Th± = 10.08 GeV; h^e = 
1.00, Mh± = 400 GeV and F^i = 23.88 GeV. Since 
in all cases hee/Mjj± = 2.5 x 10^^ GeV^\ then the 
condition (I5T|) is fulfilled. For the cases considered above, 
the neutrino mass is m-^^ < 1.5 eV which is below the 
experimental upper bound rrij;^ < 2.3 eV [24] . We take 
Mh± up to 400 GeV so that h^e < 1. At < 10^* 
eV, aH± /crsM ^ 0.0516 for aU cases. The H~ boson 
exchange is almost zero at 6.3 PeV but maximum at their 
resonance energies. In Fig. ([3]), we present the total 
cross section in the range < E' < 150 GeV to show the 
difference between H~ exchange and SM for all cases. 
Furthermore, we also present the total cross section as 
a function of higher energy for h^e — 0.30, Mfj± = 120 
GeV and r^± = 0.63 GeV; h^e = 0.50, Mh± = 200 GeV 
and r^i =2.97 GeV; /lee = 0.75, Mh± = 300 GeV and 
r^i = 10.08 GeV; h^e = 1.00, M^± = 400 GeV and 
Th± = 23.88 GeV in Fig. g]). 

At low energies limit, the total cross section for all 
cases grow linearly. Despite different masses and coupling 
constants of charged Higgs bosons, there is no significant 
difference among the total cross sections. However, the 
charged Higgs exchange do have some contribution with 
respect to SM. In the range of 0.5 TeV <E< 1000 TeV, 
the charged Higgs exchange have a small contribution 
to the total cross section with respect to SM as shown 
in Fig. Ua] The first peak in Fig. (j4bl) correspond to 
the Glashow resonance [ll| and following peaks are H~ 
boson resonance for different cases. Clear signals of the 
resonance peaks can be obtained as the total cross section 
for the processes are greater than the background for 
neutrino with energies between 10"'^^ eV < E < 10^^ eV. 
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FIG. 2: The ratio <7h± /(Tsm as the function of E for 
hee = 0.30, Mh± = 120 GeV and Th± = 0.63 GeV 
(solid hne); = 0.50, M^± = 200 GeV and 
r^± = 2.97 GeV (dashed Hne); h^e = 0.75, Mh± = 300 
GeV and Th± = 10.08 GeV (dotted line); h^e = 1.00, 
Mh± = 400 GeV and Th± = 23.88 GeV (dash-dotted 
line). 
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FIG. 3: Total cross section for v^^ — e scattering in the 
range < £; < 150 GeV for h^^ = 0.30, M^± = 120 
GeV and Fj^i = 0.63 GeV; h^^ = 0.50, A%± = 200 
GeV and F^i = 2.97 GeV; /lee = 0.75, A/^i = 300 
GeV and F^i = 10.08 GeV; 1.00, M^i = 400 

GeV and F^i = 23.88 GeV. The Uncs with R- 
exchange (dotted) are above the SM prediction (solid 
line). 
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FIG. 4: Total cross section for Vi, — e scattering in the 
range (a) 0.5 TeV <E < 1000 TeV for aU cases. The 
solid line corresponds to SM. The dashed lines overlap 
above the SM are exchange for different cases, (b) 
10^5 eV < < 10^0 eV with SM (solid line), 
/lee = 0.30, Mh± = 120 GeV and V h± = 0.63 GeV 
(dashed hne); ft-ee = 0.50, M^± = 200 GeV and 
Th± = 2.97 GeV (small-dashed line); h^e = 0.75, 
Mh± = 300 GeV and F^± = 10.08 GeV (dotted hne); 

hee = 1.00, Mh± = 400 GeV and Th± = 23.88 GeV 
(dash-dotted line). The straight line is the cross section 
for ViN deep inelastic scattering given in Ref. [25| for 
energies between 10^^ eV < E < 10^^ eV. 



VI. CONCLUSION 

We have presented the V^ — e scattering cross section 
in the range < £; < 10^° eV for 0.30 < ft-ee < 1 and 
120 GeV < M^± < 400 GeV. From the low energy - 
e scattering experiment, the upper bound hee/M^i ^ 
2.8 X 10~^ GeV"'^ was derived. The H~ exchange can 
contribute up to 5.16 % to the total cross section at £' < 
10^** eV. The contribution is maximum at s . We 



HTM predictions for the process under consideration can 
be significant in the interval 10^^ eV < E < 10^^ eV. 
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